COMPARISON OF SAMPLING DESIGNS FOR VOLE POPULATION STUDIES by Bruns Stockrahm, Donna et al.
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Eastern Pine and Meadow Vole Symposia Wildlife Damage Management, Internet Center for 
March 1981 
COMPARISON OF SAMPLING DESIGNS FOR VOLE POPULATION 
STUDIES 
Donna Bruns Stockrahm 
Ohio State University, Columbus, Ohio 
Jay McAninch 
New York Botanical Garden Cary Arboretum, Millbrook, New York 
John D. Harder 
Ohio State University, Columbus, Ohio 
Follow this and additional works at: https://digitalcommons.unl.edu/voles 
 Part of the Environmental Health and Protection Commons 
Bruns Stockrahm, Donna; McAninch, Jay; and Harder, John D., "COMPARISON OF SAMPLING DESIGNS 
FOR VOLE POPULATION STUDIES" (1981). Eastern Pine and Meadow Vole Symposia. 62. 
https://digitalcommons.unl.edu/voles/62 
This Article is brought to you for free and open access by the Wildlife Damage Management, Internet Center for at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Eastern Pine and Meadow 
Vole Symposia by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln. 
COMPARISON OF SAMPLING DESIGNS FOR VOLE POPULATION STUDIES 
Donna Bruns Stockrahm 
Graduate Research Assoc ia te  
Department o f  Zoo1 ogy 
The Ohio S t a t e  U n i v e r s i t y  
Columbus, Ohio 43210 
Jay McAninch 
W i l d l i f e  E c o l o g i s t  
New York Bo tan i ca l  Garden 
Cary Arboretum 
E l i l l b rook ,  New York 12545 
John D. Harder 
Assoc ia te  Professor  
Department o f  Zoology 
The Ohio S t a t e  U n i v e r s i t y  
Columbus, Ohio 43210 
I n t r o d u c t i o n  
I n  the  summer o f  1980 we i n i t i a t e d  a  l a rge -sca le  v o l e  p o p u l a t i o n  
s tudy  i n  t h e  lower  Hudson V a l l e y  o f  New York and had quest ions regard-  
i n g  t r a p p i n g  designs and sampling procedures. Would samples r e f l e c t  
popu la t i ons  as they occur red i n  t h e  orchard o r  would r e s u l t s  mere l y  be 
a r t i f a c t s  o f  t h e  t r a p p i n g  des ign? 
R e n z u l l i  e t  a l .  (1980) examined how t ime i n t e r v a l  between t r a p p i n g  
per iods,  t r a p  spacing, and g r i d  s i z e  a f f e c t e d  demographic es t imates i n  
meadow vo les ,  M ic ro tus  pennsylvanicus, i n  non-orchard hab i ta t s .  I n  
o t h e r  smal l  mammal s t u d i e s  conducted i n  non-orchard hab i ta t s ,  2 t r a p s  
pe r  s t a t i o n  a r e  o f t e n  u t i l i z e d  t o  a v o i d  t h e  exc lus ion  o f  animals o r  com- 
pare d i f f e r e n t  types o f  t r a p s  (Krebs 1966, Beacham and Krebs 1980, Glass 
and Slade 1980, Rose and Gaines 1978, S t i c k e l  1954, Rose e t  a l .  1977). 
Few, however, a c t u a l l y  eva lua te  t h e  r e l a t i v e  e f f i c i e n c y  of 1  versus 2 
t r a p s  per  s t a t i o n .  S t i c k e l  (1954) found a  s l i g h t  increase i n  number o f  
captures per  i n d i v i d u a l  when 2  t r a p s  were used i ns tead  o f  1, b u t  no con- 
c l u s i o n s  were reached. 
The r e l a t i v e  e f f i c i e n c y  o f  d i f f e r e n t  t r a p p i n g  designs i n  sampling 
v o l e  popu la t i ons  i n  orchards has rece i ved  1  i t t l e  a t t e n t i o n .  McAninch 
(1979) found t h a t  Sherman l i v e  t r a p s  were more e f f i c i e n t  than snap t r a p s  
when one o f  each was p laced under t h e  d r i p l i n e ,  b u t  o t h e r  i n f o r m a t i o n  i s  
l i m i t e d .  L ikewise,  quest ions concerning e f f e c t s  of t r a p  movement, day 
versus n i g h t  t rapp ing,  and t r a p p a b i l i t y  need t o  be addressed i n  t h e  o r -  
chard where d e n s i t i e s  a r e  o f t e n  h ighe r  than i n  o t h e r  h a b i t a t s  and where 
v o l e  movements a r e  h i g h l y  i n f l u e n c e d  by t r e e  and row spacing ( G e t t l e  
1975). Thus, a  p i l o t  s tudy w i t h  t h e  f o l l o w i n g  o b j e c t i v e s  was i n i t i a t e d :  
1 )  To s tudy  t h e  e f fec ts  o f  1  and 2  t r a p s  pe r  t r e e  ( t r a p  s t a t i o n )  and 
Vovement o f  t r a p s  d u r i n g  a  t r a p p i n g  sess ion on t h e  s i z e  and compos i t ion  
Of v o l e  sample obtained. 
2 )  To determine t h e  minimum number o f  t r a p p i n g  sessions needed t o  mark 
q t  l e a s t  80% o f  t h e  t rappab le  p o p u l a t i o n  under t h e  d i f f e r e n t  t r a p p i n g  
designs. 
3 )  To determine i f  any segments o f  t he  popu la t i on  a r e  being excluded 
f rom cap tu re  by t r a p p i n g  o n l y  d u r i n g  d a y l i g h t  hours. 
4) To determine i f  t r a p p a b i l i t y  o f  sex and age groups d i f f e r s  w i t h i n  
each t r a p p i n g  des ign o r  between designs. 
Methods 
The s tudy  area, l o c a t e d  i n  t h e  Minard app le  orchard near New 
P a l t z ,  New York, was a 0.4 ha orchard b lock  bordered on 1 s ide  by a 
paved road, another  by a g rave l  road and hedgerow, and on the  o t h e r  2 
s ides  by o rcha rd  dr iveways. Apple t r e e s  were spaced a t  9 m i n t e r v a l s  i n  
rows which were l i k e w i s e  9 m apar t .  The b lock  was 6 rows wide and 10 
t r e e s  long.  Each t r a p  s t a t i o n  cons i s ted  o f  a c i r c l e  de f i ned  by the  
d r i p l i n e  o f  t h e  t r e e  and was d i v i d e d  i n t o  4 equal quadrants.  
The experiment was d i v i d e d  i n t o  3 phases: 
Phase 1: From June 28 t o  J u l y  2, 1980, 2 Sherman l i v e  t r a p s  (5x5~18~111) 
were randomly p laced i n  2 o f  t h e  4 quadrants under t h e  d r i p l i n e  o f  each 
t r e e  w i t h i n  t h e  v o l e  runway system. Traps were checked every  3-4 hours 
d u r i n g  t h e  day hours and c losed  a t  n i g h t .  Two t r a p p i n g  sessions, i.e., 
a 3-4 h r  i n t e r v a l  c u l m i n a t i n g  w i t h  a t r a p  check, were conducted each 
day. A f t e r  6 t r a p p i n g  sessions, when few new vo les  were being captured, 
t r a p s  were moved t o  t h e  2 remain ing quadrants around t h e  same t r e e ,  so 
t h a t  e v e n t u a l l y  a l l  4 quadrants under t h e  t r e e  had been trapped. Three 
more t r a p p i n g  sess ions were conducted, a f t e r  which t r a p s  were s e t  over- 
n i g h t  f o r  a f i n a l  session. Voles were sexed and c l a s s i f i e d  as a d u l t s  o r  
immatures ( j u v e n i l e s  and subadul t s )  based on body weight  and the  cond i -  
t i o n  o f  mammae and g e n i t a l i a .  
Phase 2: T h i s  phase o f  t h e  experiment, conducted J u l y  3 t o  5, began t h e  
d a y e r  Phase 1 ended i n  o rde r  t o  min imize t h e  impact o f  v o l e  move- 
ments i n t o  and o u t  o f  t h e  s tudy  area. Two t r a p s  were p laced i n  t h e  rurt- 
ways o f  each o f  2 randomly chosen quadrants under t h e  d r i p l i n e .  Two 
t r a p p i n g  sess ions were conducted pe r  day For a t o t a l  o f  6 sessions; 
t r a p s  were n o t  moved. 
Phase 3: T h i s  phase was conducted on J u l y  6-7 and immediately f o l l o w e d  
Phase. One t r a p  was p laced i n  a randomly chosen quadrant a t  each tree. 
F i v e  t r a p p i n g  sess ions were conducted, 2 on t h e  f i r s t  day and 3 on t h e  
second. Traps were n o t  moved. 
S t a t i s t i c a l  t e s t s  were f rom Sokal and Roh l f  (1969). 
Resu l ts  and Discuss ion 
The number o f  new vo les  captured a f t e r  t he  f i r s t  3 t r a p p i n g  ses- 
s ions  was l o w  under a l l  3 t r a p p i n g  designs f o r  a l l  sex and age groups 
(Figs. 1,2,3). The t rappab le  popu la t i on  under each phase o f  t he  e x p e r i -  
ment was d e f i n e d  as t h e  t o t a l  number o f  i n d i v i d u a l  vo les  captured, i.e., 
64, 49, and 33 f o r  Phases 1,2, and 3, respec t i ve l y .  
E i g h t y  t o  90% o f  t h e  t rappab le  popu la t i on  werecaptured by the  
t h i r d  t r a p p i n g  sess ion i n  a l l  phases o f  t h e  experiment (Table 1 ). The 
number o f  new vo les  captured d e c l i n e d  l i n e a r l y  w i t h  successive t r a p  
sess ions f o r  t h e  f i r s t  2 phases (Fig. 1,2,3, Table 2).  These regres-  
$ ions  were s i g n i f i c a n t  (P<0.05) f o r  most sex and age groups i n  Phase 1 
and 2 b u t  n o t  Phase 3. By comparing t h e  slopes o f  t h e  reg ress ion  l i n e s  
Table  1. Cumula t ive  pe rcen t  and number o f  o r i g i n a l  p i n e  v o l e  captures  
f o r  t h e  f i r s t  3  t r a p p i n g  sess ions f o r  t h e  comparison o f  t h e  
3 phases o f  an exper iment conducted June 28 t o  J u l y  7, 1980 
near New Pal t z ,  New York. 
Trapp ing Phase I (N=64) Phase 2  ( ~ = 4 9 )  Phase 3  (N=33) 
Session p e r c e n t  number p e r c e n t  number p e r c e n t  number 
a  Chi-square t e s t  r evea led  no s i g n i f i c a n t  d i f f e r e n c e s  ( P 4 . 0 5 )  between 
t h e  3  phases d u r i n g  t r a p p i n g  sess ion 1, 2, o r  3. 
Phase 3 
Trepp~ng sesslon number 
32 -1 
- 
28- 
- 
* 24- L 
3 - 
- 
a ; 20- 
< - 
0) 
16- 
- 
0 - 
- : 12- 
5 - 
z 
8- 
- 
4 -  
- 
0 
F ig .  1. Number o f  p i n e  vo les  captured i n  each t r a p p i n g  sess ion d u r i n g  
t h e  comparison o f  3 phases o f  an exper iment  conducted June 28 
t o  J u l y  7, 1980 near New Pal t z ,  New York. 
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Fig. 2. Number of adul t  male and female pine voles captured in each 
trapping session during a comparison of 3 phases of an experi- 
ment conducted June 28 to July 7, 1980 near New Paltz, New York. 
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Fig. 3. Number of adults  and immatures captured in each trapping session 
during the comparison of 3 phases of an experiment conducted 
June 28 to  July 7, 1980 near New Paltz, New York. 
Table 2. Regression s t a t i s t i c s  o f  o r i g i n a l  v o l e  captures on t r a p  ses- 
s i o n  number f o r  t he  comparison o f  3 phases o f  an experiment 
conducted June 28 t o  J u l y  7, 1980 near New Pa l t z ,  New York. 
T o t a l  Voles Phase 1 Phase 2 Phase 3 
Slope - - -2.3636 -4.8857 -3.4000 
I n t e r c e p t  - - 19.4000 25.2667 16.8000 
~2 - - 0.4880 0.7639 0.4957 
P - - 0.0246 0.0228 0.1844 
A d u l t  Males 
Slope - - -0.9333 -1 .5714 -1 .4000 
I n t e r c e p t  - 7.1333 8.3333 6.0000 
R2 - - 0.5061 0.5933 0.4016 
P - - 0.021 0 0.0731 0.2509 
A d u l t  Females 
Slope - - -1.0242 -1.9429 -1 .ZOO0 
I n t e r c e p t  - - 7.9333 9.4667 6.000 
~2 - - 0.5088 0.7078 0.7500 
P - - 0.0206 0.0358 0.0577 
Immature Voles 
Slope - - -0.4061 -1.3714 -0.8000 
I n t e r c e p t  - - 4.3333 7.4667 4.8000 
R2 - - 0.3029 0.9315 0.3333 
P - - 0.0992 0.0018 0.3081 
o f  any one sex o r  age group between Phases 1, 2, and 3, we cou ld  d e t e r -  
mine i f  t h e  r a t e  o f  c a p t u r i n g  t h e  t rappab le  popu la t i on  v a r i e d  w i t h  the  
t r a p p i n g  design. Likewise, by comparing t h e  slopes o f  l i n e s  w i t h i n  any 
one phase, d i f f e r e n c e s  i n  r a t e s  o f  cap tu re  f o r  t h e  d i f f e r e n t  sex and 
age groups f o r  any one t r a p p i n g  des ign cou ld  be determined. Because 
most o f  t h e  t rappab le  popu la t i on  had been captured by t h e  t h i r d  t rapp ing  
sess ion and t h e  number o f  new captures a f t e r  t h i s  p o i n t  were n e g l i g i b l e  
and appeared t o  f l u c t u a t e  randomly (Figs.  1, 2, 3),  regress ions o f  new 
v o l e  captures on t r a p  sess ion number were a l s o  c a l c u l a t e d  f o r  t h e  f i r s t  
3 sessions. 
Comparison o f  t h e  slopes o f  these reg ress ion  l i n e s  i n d i c a t e d  no 
s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  w i t h i n  the  t o t a l  v o l e  group, a d u l t  male 
group, o r  immature g roup . i n  Phases 1, 2, o r  3. However, s lopes o f  l i n e s  
f o r  a d u l t  females were s i g n i f i c a n t l y  d i f f e r e n t  (P=0.0103) between Phases 
1 and 3, a r e s u l t  t h a t  m i g h t  have been due t o  t h e  smal l  sample s i z e  of 
Phase 3. A comparison o f  s lopes w i t h i n  any one phase o f  t h e  experiment 
i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e  i n  r a t e s  o f  capture  between a d u l t  
females and a d u l t  males f o r  any g i ven  phase. However, r a t e s  of capture  
o f  a d u l t s  versus immatures d i f f e r e d  s i g n i f i c a n t l y  w i t h i n  Phase 1 (P= 
0.0017) and w i t h i n  Phase 2 (P=0.0052). A d u l t  sex r a t i o s  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  between Phases 1, 2, o r  3, nor  d i d  a d u l t  t o  immature r a -  
t i o s ,  f u r t h e r  evidence t h a t  t h e  3 d i f f e r e n t  t r a p p i n g  designs sampled 
t h e  same popu la t i on  (Table 3). 
Tab le  3. Comparison o f  sex and age r a t i o s  o f  p i n e  vo les  f o r  t he  t h r e e  
phases o f  an experiment conducted June 28 t o  J u l y  7, 1980, 
near New P a l t z ,  New York. 
A d u l t  ma1 esa 
A d u l t  females 
~ d u l  t s b  
Immatures 
Phase 1 Phase 2 Phase 3 
0.87:1 1.06:l 0.75:l 
(n=43) (n=33) (n=21) 
2.05:l 2.06:l 1.75:l 
(n=64) (n=49) (n=33) 
a x2 t e s t  revea led  no s i g n i f i c a n t  d i f f e r e n c e  (P<0.05) f rom a 1 : l  r a t i o  
i n  any phase o f  t h e  experiment 
x2  t e s t  revea led  no s i g n i f i c a n t  d i f f e r e n c e  (P4 .05 )  f rom a 2 : l  r a t i o  
i n  any phase o f  t h e  experiment 
Est imates o f  r e l a t i v e  abundance o r  popu la t i on  d e n s i t y  f rom Phases 
1, 2, and 3 p rov ided  an a d d i t i o n a l  bas i s  f o r  comparing t h e  3 t r a p p i n g  
designs. Mean c a t c h  pe r  u n i t  e f f o r t  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  be- 
tween t h e  3 phases (P<0.05)(Table 4) .  A L i n c o l n  Index ( L i n c o l n  1930) 
Tab le  4. Comparison o f  number o f  captures of p i n e  vo les  per  100 t r a p  
sess ions f o r  t h e  3 phases o f  an experiment conducted June 28 
t o  J u l y  2, 1980, n e a r  New Pa l t z ,  New York. 
Trapping Session 
Number 
1 
P ine  Voles Captured/100 Trap sessionsa 
Phase 1 Phase 2 Phase 3 
30.33 23.18 34.19 
20.56 19.57 23.93 
9.30 17.72 13.33 
17.06 24.03 16.81 
16.81 20.51 25.64 
14.72 13.56 - 
10.05 - - 
22.22 - - 
9.28 - - 
13.56 - - 
a Captures pe r  100 t r a p  sess ions were co r rec ted  f o r  sprung t r a p s  
(Nelson and C l a r k  1973). 
was used t o  compute p o p u l a t i o n  es t imates .  Conf idence l i m i t s  (P=0.95) 
were c a l c u l a t e d  acco rd ing  t o  B a i l e y  (1951).  An es t ima te  o f  75.7k8.7 
was computed f o r  Phase 2 and 71.4k9.0 f o r  Phase 3  u s i n g  t h e  64 v o l e s  
t rapped i n  Phase 1 as t h e  number marked and re leased.  A  second e s t i -  
mate o f  78.1k8.6 was c a l c u l a t e d  f o r  Phase 3  u t i l i z i n g  t h e  64 o r i g i n a l l y  
marked v o l e s  p l u s  7  new vo les  marked i n  Phase 2 f o r  a  t o t a l  o f  71 mark- 
ed and re leased  vo les .  D i f f e r e n c e s  i n  t h e  p o p u l a t i o n  es t ima tes  were n o t  
s i g n i f i c a n t  (P<0.05). 
Moving t r a p s  t o  d i f f e r e n t  quadrants around a  t r e e  d i d  n o t  marked- 
l y  change t h e  sex o r  age compos i t ion  o f  t h e  catch. A  t o t a l  o f  7  new 
vo les ,  1  a d u l t  female  and 6  immatures, was cap tu red  i n  Phase 1  subse- 
quent  t o  moving t r a p s  (Fig.  3) .  Four o f  these 6  immatures were recap-  
t u r e d  i n  subsequent t r a p p i n g  sess ions i n d i c a t i n g  t h a t  t hey  were n o t  be- 
i n g  exc luded from cap tu re  by o the r ,  p o s s i b l y  more dominant, vo les .  A l -  
though 7  new vo les  were captured upon moving t raps ,  t h e  age r a t i o s  i n -  
d i c a t e  t h a t  t h e  same p o p u l a t i o n  was sampled w i t h  t r a p  movement (Phase 1  ) 
and w i t h o u t  t r a p  movement (Phases 2 and 3 ) (Tab le  3). One p o s s i b l e  ex- 
p l a n a t i o n  f o r  t h e  cap tu re  o f  6  new immature vo les  upon t r a p  movement i s  
t h a t  these v o l e s  m i g h t  have j u s t  en te red  t h e  t r a p p a b l e  p o p u l a t i o n  about  
t h e  t i m e  t h a t  t r a p s  were moved. I n  any event,  i t  seems probab le  t h a t  
these immatures would have been captured w i t h o u t  t r a p  movement i n  Phase 
1  because a  s u b s t a n t i a l  p r o p o r t i o n  o f  immatures were captured a f t e r  t h e  
f i r s t  3  t r a p p i n g  sess ions i n  Phases 2 and 3  (Fig.  3 ) .  
The 1  o v e r n i g h t  t r a p p i n g  sess ion produced o n l y  1  new immature 
v o l e  cap tu red  on t h e  p e r i p h e r y  o f  t h e  s tudy  area. Thus, i t  appears t h a t  
no segment o f  t h e  p o p u l a t i o n  was excluded f rom cap tu re  by t r a p p i n g  o n l y  
d u r i n g  t h e  dayt ime. 
Phases 2 and 3  i n v o l v e d  l e s s  e f f o r t  than Phase 1. Traps were n o t  
moved, and fewer  t r a p p i n g  sess ions were i nvo l ved .  As expected, fewer 
v o l e s  were cap tu red  i n  Phases 2 and 3. However, t r a p p i n g  success d i d  
n o t  change marked ly  (Tab le  4), and new segments o f  t h e  p o p u l a t i o n  were 
n o t  encountered. Only 14.3% o f  t h e  vo les  captured i n  Phase 2 and 9.1% 
o f  those cap tu red  i n  Phase 3  were cap tu res  o f  new, unmarked i n d i v i d u a l s .  
Often, more than  1  t r a p  pe r  s t a t i o n  i s  recommended t o  reduce t h e  
p r o b a b i l i t y  t h a t  t h e  cap tu re  o f  an i n d i v i d u a l  w i l l  p reven t  t h e  cap tu re  
o f  another  a t  t h e  same l o c a t i o n .  A t r a p  s t a t i o n  i s  s a i d  t o  be s a t u r a t e d  
w i t h  t r a p s  i f  a t  l e a s t  1  o f  2 o r  more t r a p s  a t  a  s t a t i o n  remains unoccu- 
p ied.  Trap s t a t i o n  s a t u r a t i o n  i s  p a r t i c u l a r l y  impor tan t  t o  mark-recap- 
t u r e  e s t i m a t o r s  t h a t  assume equal  t r a p  exposure o r  p r o b a b i l i t y  of cap- 
t u r e  f o r  a l l  i n d i v i d u a l s  i n  a  popu la t i on .  
I n  s p i t e  o f  h i g h  t r a p p i n g  success f o r  each t r a p p i n g  sess ion (9% t o  
30%) and v o l e  d e n s i t i e s  o f  approx imate ly  175/ha, t r a p  s t a t i o n  s a t u r a t i o n  
was achieved w i t h  2 t r a p s  p e r  s t a t i o n .  Dur ing  any g i v e n  t r a p p i n g  ses- 
s i on ,  2 occup ied t r a p s  were found a t  o n l y  3% o f  t h e  s t a t i o n s  i n  Phase 1 
and a t  5.3% o f  t h e  s t a t i o n s  i n  Phase 2. These percentages increased t o  
3.5 and 6.5, r e s p e c t i v e l y ,  when t h e  da ta  were ad jus ted  f o r  sprung t r a p s  
(Nelson and C l a r k  1973). 
Trappabi  1  i t y ,  c a l c u l a t e d  accord ing t o  a  m o d i f i c a t i o n  o f  Beacham 
(1979), was h i g h e s t  f o r  a d u l t  females and l owes t  f o r  immatures i n  a l l  3 
phases, b u t  t h e  d i f f e r e n c e  was s i g n i f i c a n t  o n l y  i n  Phase 1 (P=4.&!55r 
(Table 5). Immatures d i f f e r e d  s i g n i f i c a n t l y  between Phases 1 and 2 
Table 5. T r a p p a b i l i t y  i nd ices  o f  sex and age groups o f  p ine voles t rap -  
ped dur ing 3 phases o f  an experiment conducted June 20 t o  J u l y  
7, 1980 near New Pa l tz ,  New Y ~ r k . ~  
Phase 1 Phase 2 Phase 3 
Adu l t  Males 
Adul t Females 
Immatures 
N 
a Trappabi l  i t y  = No. o f  captures f o r  an animal 
No. of poss ib le  captures f o r  t h a t  animal 
N 
where N i s  the  number o f  animals captured a t  l e a s t  once 
(P<0.05). T r a p p a b i l i t y  decreased s l i g h t l y  f o r  a l l  groups i n  Phase 3, 
poss ib ly  because fewer t raps  were set. The lower t r a p p a b i l i t y  i nd ices  
o f  immatures f o r  a l l  phases agree w i t h  the lower ra tes  o f  capture r e -  
vealed i n  the  regress ion analysis. These combined data suggest t h a t  
perhaps immatures a re  subject  t o  underest imation i n  any t rapping design. 
Summary and Conclusions 
D i f f e r e n t  sex and age groups o f  a  p ine vo le  populat ion were sam- 
p l e d  i n  equal p ropor t ions  i n  Phases 1, 2, and 3. We conclude t h a t  one 
t r a p  per t r e e  w i l l  adequately sample a p ine  vo le  populat ion i n  most or -  
chard s tud ies  unless a very h igh  number o f  captures i s  requ i red  as w i t h  
Jo l  ly-Seber s u r v i v a l  est imates (Arnason and Baniuk 1980). I n  our study, 
voles were captured i n  both t raps  on ly  3 t o  6% o f  the t ime when 2 t raps 
were placed a t  each s ta t ion .  Thus the  use o f  1  t r a p  per t r e e  i s  j u s t i -  
f i e d  t o  reduce e f f o r t  and increase r e p l i c a t i o n .  
Approximately 80 t o  90% o f  the trappable populat ion under each 
t rapp ing  design were captured by the t h i r d  o f  6,3-4 h r  t rapping sessions. 
Regardless o f  t rapp ing  design, the  f i r s t  3  t rapping sessions were the 
most impor tant  f o r  the capture o f  new voles. For most s tud ies we f e e l  
i t  i s  n o t  necessary t o  move t raps  o r  extend t rapping f a r  beyond 3 t rap -  
p ing sessions unless i t  i s  necessary t o  capture near l y  a l l  voles present 
o r  a  l a r g e  number o f  recaptures. 
I n  s tud ies i n v o l v i n g  p ine  voles, t raps are o f t e n  checked on ly  once 
o r  tw ice  d a i l y  (McAninch 1979, Hayne 1977, Paul 1970). However, by 
us ing a 3-4 h r  t rapping i n t e r v a l ,  up t o  3 t rapping sessions can be com- 
p l e t e d  per day. This i n t e r v a l  seemed t o  a l l o w  voles adequate t ime t o  
encounter t raps,  and t r a p  m o r t a l i t y  was p r a c t i c a l l y  el iminated. L ike-  
wise, t rapping on ly  dur ing  the  day reduced the  p o s s i b i l i t y  o f  t r a p  mor- 
t a l i t y  on co ld  n i g h t s  and d i d  n o t  appear t o  exclude any segment o f  the 
popu la t ion  from capture, 
T r a p p a b i l i t y  was somewhat lower  f o r  immatures than f o r  a d u l t s  r e -  
ga rd less  o f  t r a p p i n g  design. A d u l t  females appeared t o  be s l i g h t l y  
more t rappab le  than e i t h e r  a d u l t  males o r  immatures. Hayne (1978), how- 
ever,  r e p o r t e d  no d i f f e r e n c e  i n  t r a p p a b i l i t y  o f  these groups when he 
t rapped f o r  2  t r a p p i n g  sessions, each 24 h r  long. Poss ib l y  r e l a t i v e  
t r a p p a b i l i t y  d i f f e r s  w i t h  l e n g t h  o f  t r a p p i n g  session, season, o r  rep ro -  
d u c t i v e  c o n d i t i o n .  T h i s  s tudy suppor ts  Hayne's (1977) conc lus ion  t h a t  
some v o l e s  a r e  t rapped more o f t e n  than  o thers ,  an impor tan t  b i a s  if 
t r a p p i n g  i s  cont inued over  a  l ong  p e r i o d  of t ime. 
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